This Page Is Inserted by IF W Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(11)^ US 4$ 5^ fS fA) (ii}HnttMi:Kc ^ 

4^M^ 7 - 3 1 2 4 0 5 

CiJ)4J*IB ¥«7e () 99 5) 1 t It 2 t e 



(sniii.ci. 

KOIl 23/SI 

n/n 



F I 



fs K< 5 a 19; 



911 



« Illt-U 

i lflt-41 
t 1111*41 







00000110*1 


















00029^1(9 












XJR«4«*IBJb«tS»T S T0 2 2 C j l| 






n- 






jcKV^^ir^iksffrsTB 2 oe 1 4 










(11)11 fie 


SB ax 






itr:e'j»»iiijbJ>:»»i5TB2 im m 























>'€««TfrittltB)BBBBT«^r. flC« 

mmmm0>ii±mmm0>mmh\^<n. jtBo*imBV 



01 




< i I 



(Its a I ] ^v^^^-nctcncajten 



3 ) ? 4 0 5 



II 



KB* 

( 0 0 0 n 

(0 0 0 2) 

« a *5 IT it «rn B C *I I » . -i R 0 ,m „ 

to 0 0 3 J 

(00 0 SJ jte,,,^, 
' ° 0 0 t ) 



V 0 0 i 0 ) 
(0 0 13) 

««T*,T. «e.B««a*»»r4«BBc«BtL 

^•*'C«9. «*C«B.;-,«Rttc^,^^^, 

%ftTi./iXtBttnf^Teft«»T. *BirBBoB 
BWBC»i0ftBtBBt«iT»Ct»'Utti,^5 
(00 I J) OT. ««««!)Bim,i.T. 

(00 , o a„. RB^tK^rfttc^t.^.^,. 

J. ■)-B«*«T*V«i:B-»l|t„„. 
8LOS«|l2CIIT4. 
(0 0 1 S) 

(«««) Bii:. »R«*>-it«BT*i»a«r« 

•>l«»t«BT*ft#>#5C#>T*ft. 
(0 0 1 «l ■JCftLit»«B»»i>»«(»K(r.J«» 

e»T*9. B:ct»B#5«a(M».4;k;.„^, ^ 
3e«»«*.4*/ifcKB. »«i:eBi».4«ft»B- 

(00 I ?) BJ-B«IC*i.T. )IJnB.;-KB 

^. JttA^y. jBf,^. 4ijBii«,tB. sun 

«y-»-Bftt*htnBT. • 

(00 1 I) »BBB«9»«»B,„. B,,:».Ti, 

iiBr««B.;-rB«,4r.,.;_j.^^^^ 

(0 0 I «J C#>V->«BI„. V-K«Rr.y-K 

i:BKenTf». c/js. c*>Ae*s»i<By-ni«, 

fOOJi; <LT. Bi-B«U*Lft»o#»rfB4 



J* 



( ) ) 



J 

en*. 

( 0 0 2 3 ) «C. BS€Mi*T. XXI2n0>»affie 

( 0 0 2 4 ) tt S t:iJ 4>T. Z AK:Kt Kf^^^UT '/ 

• C-tfl-FniRT. 

(0 0 2 6} B5C*TX^t:. n KB 

(0 0 2 0) Cnc^9. ll«T«LJt*04*^<X*> 

Tt. S*«K^yr3A. 3 6 V KCBf ^K'J 
A. 2Bettl9«C^T«Sfr4Fvr3 A. 3 B t#>lB 

y-K»5t 1 ^€BBTe*. cc/t>7j|/it:z4rt 
By - H^»BBy^7^o5r.n/'rf«R^l7<1•J||• 
TttBen//il|tBft»BTftft. 

(0 0 2 2) XC. :FR«ce#>XK#1€B6 ^B7 C 

(0 0 2 f) 8«i:ftT«BBBBcmia. BltOBl 
IC«L/t*B«rKB^«« V- FBH i ^nBV-FB 

•fUJtmx. v-Kcttiioaif 2/3»»ut;>c,t 0 

♦ BB^yr&CBBnBBBtQL. V-KO 
BB^IBIf l/2«>Wi;>A«^8tt. ♦OBBUfcBE 
SttBBBB«^«>f|fCB^. "PC 9AB*;* K^f^ft. 

(00901 cncjtv. ir9cni:#»iT6itf^Miv 

* H«>aBBM«»BM€«a T e 6 6 Li:. Ji»<t/* 

(0 0 2 1 ) B7c*r*«»r6cf<.a. a^ob i 



MB* » - 3 



J 7 < 0 t 



II 



21 



49 



F. f» T /i 6 . 

f 0 0 3 3 J I/i. JT^^^oCOL iCH \ P ON 
LEAD) Mi6^»«(rEff,a. Bff«.^,»r.V-K 

nBV-K€«X2t?*. 

( 0 0 3 4 , Lr..*,T. »attf vr^:tn.:crr) 

C«B2nr;«B«;-FtBriTT«jtt/t*i«i»«BT 

«>r«BoHjtBB»c^i:>*BB#i|cnBy- m>«« 

ftKR»Bt«^*Tf 6#>T. ^BUBBOBBIIBi: 
Jil**BKflBf pii2T*Cii|iXJ|tfc/^^. 

C 0 0 3 5 1 u±. *Rf;ec^^T/^enrift^t. 

B2BB«i:*7't A^rJcfltft t /i,>f. M^mit. 
CKBf^CHj « t#5Tir/^ < . -tOBStiaiRU 
i»ISB i: A i* T II * S jC ^7 T J& * C la T 

(0 0 3 e ) 

j:«9TB$ti&ft«tBBi:tt#<rnir. t 
(0 0 3 7) *attf^7rdtni:crni:»aenr: 

r^lBy-KtBHTi/At/t^attKBTJ^-^T. 
<r«(rKCC»(tlB0B«dfiB tt < 12. ^CD*<>|ii«« 
';-F«-BI:Rlte«*CdCJ;9. ^EBBBBf^tT 
ltBBBO^«)<iBrtl^C^0V- Kf^'QZ 7. C^JKO 
nBy-K«RBi:j:«>T*«t^nTi»/i9»BBB€ 
B-^Te*OT. *BaBKO«BBBC«f i7«BBa 

(BB#>jnBiUKB) 

(Bl) BliB#>-|CBBTA*irBftBBOMae ta 

(B2) BKfiBO«aaftBCBBBTJ^6. 
(B3) ^BBrf«3«CllttC#>BBBTJ>^. 

(B4) BBnm^««iiBa^fiB#y*^;^it^sBT 

(6S) SXI|Mn»airBai:»>i7 6*J-*K9u-i. 
^Mietft«T*/l«^OBT^*. 

(BO rK«<r)er9(ftrfr A**B«lft BOMB 
ftBr *A:OCBT^*. 

IB7) »R%<Oe-r)XBnTA6XB0BZOB«e 
Ki«T*/tOOBT* 6. 
(n^OK9t] 

l-^B»;-K«>*. 2-/t>r. ^-f-^T. 4 • B 

filtilB. 5 KBh. 4 - Bern 9^ >. 



( t ) 




(B 7 ) 

0 7 



7 o> f t-'^jjce 



tilt ll/II ( ^^^'r^m 



Japa&cat Patent Laid-Open Publication Ko. Hciaei 7-312405 

[TITLE OF THE INVEKTION) 

Semiconductor Device 

[CLAIMS] 

1. A semiconductor device including a semiconductor 
chip, inner leads electrically connected to the 
semiconductor chip« and a resin encapsulate adapted to 
encapsulate the semiconductor chip and the inner leads, 
wherein each of the inner leads is partially protruded from 
a lower surface or an upper surface of the resin 
encapsulate. 

2. The semiconductor device in accordance with claim 
1, wherein the inner leads are electrically connected to 
the semiconductor chip by bumps, respectively. 

3. A semiconductor device including a semiconductor 
chip, a plurality of inner leads electrically connected to 
the semiconductor chip, and a resin encapsulate adapted to 
encapsulate the semiconductor chip and the inner leads, 
^^^'^©in each of the inner leads is encapsulated at a 
portion of the thickness thereof while being exposed at the 
remaining portion thereof in such a fashion that it has an 



encapsulated main lead surface serving as an electrical 
connection to the semiconductor chip, and an exposed main 
lead surface positioned opposite to the encapsulated main 
lead surface, the exposed main lead surface serving as an 
outer lead. 

[DETAILED DESCRIPTION OF THE INVENTION] 
I FIELD OF THE INVENTION] 

The present invention relates to a technique 
effective if applied to semiconductor devices. 

(DESCRIPTION OF THE PRIOR ART) 

In conventional semiconductor devices, a 
semiconductor chip is typically connected with inner leads 
by means of wires or bumps. Such a semiconductor device 
has a structure in which outer leads are laterally 
protruded from an encapsulate. 

(SUBJECT NATTERS TO BE SOLVED BY THE INVENTION] 
After reviewing the prior arc* the inventors have 
found the following problems. A down- si zing of recent 
system appliances using semiconductor devices has resulted 
in a requirement to reduce the size of circuit boards on 
which semiconductor devices are mounted. To this end, 
attempts to reduce the size of semiconductor devices have 



been made in order to achieve an improvement :n the 



mounting efficiency of circuit boards resulting in a 

reduction in the size of those circuit boards. 

In most cases, such a reduction in the size of 
semiconductor devices have been achieved by reducing the 
size of semiconductor chips. For such a reduction in the 
size of semiconductor devices, outer leads have not been 
the subject of interest. That is, there has been no 
attempt to reduce the area occupied by outer leads of a 
semiconductor device on a circuit board. Since 
conventional semiconductor devices have a structure in 
which outer leads are laterally^'protruded from a resin 
encapsulate, they have a mounting area increased by the 
area of the outer leads laterally protruded from the resin 
encapsulate. As a result, the conventional semiconductor 
devices involve a problem in that the mounting efficiency 
thereof on a circuit board is degraded. 

An object of the invention is to provide a technique 
capable of improving the mounting efficiency of a 
semiconductor device on a circuit board. 

Other objects and novel features of the present 
invention will become more apparent after a reading of the 
following detailed description when taken in conjunction 
with the drawings. 



[MEANS FOR SOLVING THE SUBJECT MATTERS] 
A representative of inventions disclosed in this 
application will now be summarized in brief. 

In a semiconductor device in which a semiconductor 
chip and inner leads electrically connected to the 
semiconductor chip are encapsulated by resin, each of the 



r leads is partially protruded from a lower surface or 



an upper surface of the resin encapsulate. 

For a semiconductor device in which a semiconductor 
chip and inner leads electrically connected to the 
semiconductor chip are encapsulated by resin, the present 
invention can improve the mounting efficiency of the 
semiconductor device on a circuit board by protruding a 
portion of each inner lead from the lower or upper surface 
of the resin encapsulate in such a fashion that the outer 
leads of the semiconductor device are received in an area 
occupied by the resin encapsulate, thereby reducing the 
mounting area of the outer leads by the area of outer leads 
laterally protruded from a resin encapsulate in the case of 
conventional semiconductor devices. 

Now, the present invention will be described in 
detail in conjunction with embodiments thereof. 

In the drawings associated with the embodiments, 
elements having the same function are denoted by the same 
reference numeral, and repeated description thereof will be 
omitted. 



[EMBODIMENTS] 

Fig. 1 is a view illustrating a semiconductor device 
having a structure according to an embodiment of the 
present invention. The semiconductor device according to 
the embodiment of the present invention shown in Fig. 1 has 
a rectangrular structure. Fig. 2 is a side view . of the 
semiconductor device when viewed at the shorter side of the 
rectangular structure. Fig. 3 is a side view of the 
semiconductor device when viewed at the longer side of the 
rectangular structure. Fig. 4 is a plan view of the 
semiconductor device when viewed at the bottom. 

In Figs. 1 to 4, the reference numeral 1 denotes 
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inner lead portions, 2 bumps. 3 a chip. 4 a resm 
encapsulate, and 5 outer lead portions, respectively. 

As shown in Fig. 1, the semiconductor device of the 
present embodiment includes leads having a stepped lead 
5 structure. Each lead has an inner lead portion 1 serving 

as an inner lead, and an outer lead portion 5 serving as an 
outer lead. 

The stepped lead structure can be obtained by half- 
etching the inner lead portions 1 of the leads. 
10 Alternatively, the stepped lead structure may be obtained 
by bonding two lead sheets to each other in such a fashion 
that they define a step therebetween, and then cutting the 
bonded lead sheets. 

Within the resin encapsulate 4, bumps 2, which may be 
15 made of, for exanple, solder, are provided on the inner 
lead portions 1, respectively. Through these bumps 2, the 
inner lead portions are electrically connected to the 
semiconductor chip 3. Bumps previously provided at the 
semiconductor chip 3 may also be used as means for 
electrically connecting the inner lead portions 1 to the 
semiconductor chip 3. Alternatively, wires may be used. 

As ishown in Figs. 2 to 4, the outer lead portions 5, 
which are protruded from the resin encapsulate 4, are 
mounted on a circuit board or the like while being in 
surface contact with the circuit board. Accordingly, it is 



20 



5 



possible to reduce the mounting space of the semiconductor 
device by the area of outer leads laterally protruded from 
a resin encapsulate in the case of conventional 
semiconductor devices. Otherwise, this area may be used to 
mount other elements. 

Now, a lead frame included in the semiconductor 
device according to the present embodiment will be 
described in conjunction with Pig. 5. 

In Fig. 5, the reference numeral 3A denotes a larger 
semiconductor chip, 3B a smaller semiconductor chip, 2A 
bumps for coupling inner leads to the larger semiconductor 
chip, and 2B bumps for coupling the inner leads to the 
smaller semiconductor chip, respectively. 

As shown in Fig. 5, the lead frame of the 
semiconductor device according* to the present embodiment 
has a structure in which inner leads extend radially around 
an area near the center of the lead frame. Accordingly, 
any one of the semiconductor chips having different sizes, 
that is, the larger semiconductor chip 3A and smaller 
semiconductor chip 3B indicated by phantom lines, can be 
connected with the inner lead portions 1 by shifting each 
pad position of the semiconductor chip 3A or 3B to a 
position where the semiconductor chip 3A or 3B can be 
connected to the inner leads 1, and providing a bump 2A or 
at the shifted position. The electrical connection 



between the inner leads and the semiconductor chip obtained 
by use of bumps as mentioned above provides an useful 
effect which cannot be expected in the case using wire 
connection. That is, one lead frame, which is configured 
in accordance with the present embodiment, can be applied 
to a variety of semiconductor chips. 

Referring to Pigs. 6 and 7, other embodiments of the 
present invention are Illustrated, respectively. 

In a semiconductor device according to the embodiment 
of Fig. S, there is no step between the inner and outer 
lead portions 1 and 5 of each lead, as compared to the 
semiconductor device of Fig. 1. In this case, the 
semiconductor device includes leads each serving as both 
the inner and outer leads. In accordance with this 
embodiment, about 2/3 of the thickness of each lead is 
encapsulated by resin* One main surface of each lead, 
namely, the encapsulated main surface (upper surface) , 
serves as an electrical connection to the semiconductor 
chip* About 1/3 of the thic}cness of each lead is exposed 
from the resin. The other main surface of each lead, 
namely, the exposed main surface, serves as a connection 
terminal to a mounting circuit board, for example, an outer 
lead. 

In accordance with such a structure, it is possible 
to secure the area, where the outer leads can be connected 



to the circuit board, upon the mounting of the 
semiconductor device. Furthermore, a thin package can be 
produced. In accordance with this embodiment, it is also 
unnecessary to provide a stepped lead structure for the 
lead frame. 

In a semiconductor device according to the embodiment 
of Fig. 7, radiation fins 6 arc provided on the 
semiconductor chip 3 shown in Fig. 1 in order to radiate 
heat generated from the semiconductor chip 3. 

Although the above embodiments have been described as 
being applied to rectangular semiconductor devices, they 
may also be applied to square semiconductor devices. Also, 
the above embodiments have been described as- being- applied 
to a semiconductor device having a COL (Chip On Lead) 
structure to protrude outer leads thereof from the lower 
surface of the encapsulate. In the case of a semiconductor 
device having an LOC (Lead On Chip) structure, outer leads 
thereof are protruded from the upper surface of the 
encapsulate. 

For a semiconductor device in which a semiconductor 
chip and inner leads electrically connected to the 
semiconductor chip are encapsulated by resin, the present 
invention can improve the mounting efficiency of the 
semiconductor device on a circuit board- by protrruding a 
portion of each inner lead from the lower or upper surface 
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of the resin encapsulate in such a fashion that the outer 
leads of the semiconductor device are received in an area 
occupied by the resin encapsulate, thereby reducing the 
mounting area of the outer leads by the area of outer leads 
5 laterally protruded from a resin encapsulate in the case of 
conventional semiconductor devices. 

Although the preferred embodiments of the invention 
have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that, various 
10 modifications, additions and substitutions are possible, 
without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 



I EFFECTS OF THE INVEhTTIONj 

15 Effects obtained by a representative one of the 

inventions disclosed in this application will now be 

described in brief. 

For a semiconductor device in which a semiconductor 
chijp and inner leads electrically connected to the 

20 semiconductor chip are encapsulated by resin* the present 
invention can improve the mounting efficiency of the 
semiconductor device on a circuit board by protruding a 
portion of each inner lead from the lower or upper surface 
of the resin encapsulate in such a fashion that the outer 

25 leads of the semiconductor device are received in an area 
occupied by the resin encapsulate, thereby reducing the 
mounting area of the outer leads by the area of outer leads 
laterally protruded from a resin encapsulate in the case of 
conventional semiconductor devices. 
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